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Abstract:   
The use of coral as space filler in a large cortical bone defect was studied. 
Twelve Australian White Rabbit were divided into 8 and 12 week group. All 
rabbits were operated to create a 2.5cm defect in right tibia and replaced with 
coral; partially covered with the free autologous non vascularized periosteum 
harvested from contralateral tibia. The coral was transfixed and the leg was 
immobilized with Plaster of Paris. At the end of 8th and 12th week, all the rabbits 
were assessed clinically, radiologically and sacrified for histology evaluation. 
Bony union achieved in 3 out of 5 rabbits at 8th week while 3 out of 4 at 12th 
supported by radiological studies. Histological examination showed healing at 
coral-cortical junction by callus formation with simultaneous osteoblasts invasion 
into the coral at 8th week and later coral disintegration and calcification of 
newly formed bony matrixs with marrow fat formation at 12th week.  
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Introduction: 
The increase incidences of high energy trauma with large bone loss and the 
demand to replace bone in limb salvage surgery makes further research on 
bone graft a great challenge1, 2.  
 Works on bone grafting are always relevant and invites many interesting 
research. Intention to replace gold standard autograft1 and allograft3 has 
introduced natural and synthetic graft materials4. Collagen, hydroxyappatite, 
tricalcium phosphate composites and ceramics have been successfully used as 
void filler primarily in cancellous bone5. However these alternatives have poor 
mechanical support that prevent it use as a large bony defect filler 6. 
 Coral is easily available and it shared close resemblance of bony mineral 
and made it a good alternative as bone graft 2. It has been found to be safe for 
implantation7, 8. It provides a favourable environment for marrow cells to 
differentiate and proliferate into osteoblast9, 10 and it has been tested for 
biomechanical elasticity11. Its ability to be fabricated according to the defect12, 
biocompatible and biodegradable made it an excellent graft material 
replacement13. 
 Periosteum can be used as to enhance the potential of coral. Periosteum 
has long been studied for its osteoprogenitor cells14. It was proven to enhance 
fracture healing besides ensuring the survivability of the bone graft15. The 
periosteum graft has been proved to be able to initiate osteogenesis in new 
environment. 
 The interesting feature of coral augmented with periosteum has initiated 
the idea of the composite graft being used as an alternative to replace large 
cortical bone defect. This experiment was designed to evaluate the use of 
coral, augmented with free autologous non vascularized periosteum wrapped 
as filler in large cortical bony defect. This animal experiment is a pilot 
observational study.   
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Materials and method 
Materials:  
The dead coral was processed using the innovative techniques at National 
Tissue Bank, Universiti Sains Malaysia. It was cleaned from debris and washed 
with distilled water. The coral was later fabricated to produce in the form of 12 
cylinders with the dimension of 2.5cm long, 1cm diameter. A 2.0mm diameter 
tunnel was created in the middle of the cylinder longitudinally. These cylinders 
were treated chemically followed by freeze drying. The samples were triple 
packed and radiosterilized at Malaysian Nuclear Agency using gamma 
irradiation. 
The total of 12 such cylinders were prepared. Twelve matured male New 
Zealand White Rabbits (Oryctolagus cuniculus) weight between 2.5-3.5kg were 
used in this study. They were divided according to the keeping duration of 8 and 
12 weeks and labeled as group A and B correspondingly. The Kirchner-wires with 
2.0mm diameter were prepared for the stabilization of the coral post transplant. 
 
Surgical procedure:   
The rabbit which fulfilled the criteria was anesthesized using Isofluorane via the 
portable ventilator. The volume of isofluorane given was calculated according 
to the body weight of each rabbits. An induction dose of intramuscular 
prophylactic antibiotic; Ampicillin 25mg/kg was also administered followed by 
daily 25mg/kg dose for 1 week.  Local anesthetic 0.25% marcain with 1:100000 
adrenaline was given over the planned insicion site to minimize bleeding and 
post operative pain. Fur overlying the operative site was shaved off, and the 
area was cleaned with Povidone Iodine and draped. 
Under full aseptic technique, a 3 cm surgical incision was made 
longitudinally over the anteromedial aspect of the right hind leg, 3cm proximal 
to the ankle joint to expose the tibia. The right tibia was then exposed and 
resected together with the periosteum by using manual saw at 3 cm from the 
ankle joint about 2.5cm long, leaving a 2.5cm bony defect. The defective gap 
was replaced with the prepared coral and stabilized with 2.0mm diameter 
Kirchner wire passing through the prepared tunnel by the retrograde technique.  
Another surgical incision was later made longitudinally over the 
anteromedial aspect of the left hind leg about 3cm proximal to the ankle joint 
to expose the tibia. The periosteum was sharply incised from the bone 
longitudinally about 2.5cm length. By using a sharp periosteal elevator, the 
periosteum measuring 2.5cm long and 1.5cm width was gently and carefully 
harvested from the bone surface.  
The harvested non vascularized periosteum was then laid over the anterior 
surface of the coral and sutured to the remaining recipient periosteum as to 
secure the covering. This will leave the posterior half of the coral uncovered by 
the periosteum and act as the control in this study. The wounds were then 
irrigated with saline and then closed in layers.  Later the right leg was 
immobilized with the Plaster of Paris (POP) including the knee and the ankle joint 
in full flexion of both joints for 2 weeks.  
Post operatively the rabbit was put on closed observation closely with 
adequate regular analgesics, Buprenorphine 0.05mg/kg for 1 day. Daily 
prophylactic antibiotic, intramuscular injection of ampicillin 25mg/kg were given 
and continued for the total of 2 weeks duration. After 2 weeks, the plaster of 
paris was removed so as to allow the removal of skin suture. The POP was then 
reapplied but the tip of the Kirchner-wire was exposed for easy removal. The k-
wire was removed at 8th week in all rabbits but the cast was kept until the end of 
8th and 12th week, accordingly. 
 Processing the specimens:   
At the end of 8th and 12th week, the rabbits’ tibias of both group A and B were 
examined clinically and radiologically for the evidence of union and the 
bridging callus. The POP cast was removed and the rabbits were subjected to 
the plain radiograph anteroposterior projection view and lateral projection 
view. Further evaluation, the rabbits’ tibia were subjected to Computer 
Tomography Scan imaging (CT Scan). The evaluation of the union, bridging 
callus, state of coral well being and the viability of periosteum were later done 
by histological examination after the rabbits were euthanized by giving an 
overdose intravascular injection of the phenobarbitone 60mg/kg. The right 
tibiae were harvested and all the surrounding soft tissue was cleared leaving 
minimal soft tissue surrounding the bone. The bone was then preserved in 10% 
formalin. 
The harvested tibiae were immersed in the decalcification solution 
(chelating agent in dilute HCl) for at least of 48 hours for decalcifying process. 
The decalcified tibia was cut longitudinally in equal half by using the surgical 
blade size 25. Later the tibia was transversely divided equally into 3 small 
segments and the orientation was labeled accordingly. These specimens were 
mounted in paraffin and sectioned into 5µm thickness by using microtomes. 
They were then mounted on glass slide and stained using the Haematoxylin and 
Eosin.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results: 
Only 9 rabbits from the total of 12 survived the experiment; 5 rabbits from group 
A and 4 rabbits from group B. Three rabbits died on day 1 to day 2 post 
operatively. The results were based on the clinical, radiological and histological 
examination. 
 
Clinical examination: 
In group A, the clinical union was noticed in 3 out of 5 rabbits; A-1, A-2 and A-5. 
Rabbits A-3 still showed painless mobility over the distal tibia-coral junction while 
rabbit A-4 showed painless mobility over the both proximal and distal junction.  
In group B, the clinical union was noticed in 3 out of 4 rabbits including of 1 
malunion (B-1, B-2 and malunited B-3). Rabbit B-4 has a painless mobility over the 
proximal tibia-coral junction. 
 
Radiological:  
Group A. The plain x-ray of rabbit tibiae A-1, A-2 and A-5 showed union. The 
callus formation was seen over the both proximal and distal tibia-coral junction. 
On the posterior surface of coral (without periosteum cover), the callus was 
more extensively formed and appeared more dense. On the anterior surface, 
there was minimal callus formed seen with less dense callus formed over the 
both tibia-coral junction. The rabbit tibiae A-3 and A-4 showed clear non union 
over the tibia-coral junction. A-3 tibia showed union over the proximal tibia-coral 
junction but no union over the distal tibia-coral junction even though there’s a 
lot of callus form around the region. A-4 tibia showed collapsed of coral with 
minimal callus formation over the tibia-coral junction. The corals were still in 
place and the structure were still maintained in A-1, A-2, A-5. However the coral 
total collapsed was seen in A-4 and coral telescoped with angulation was seen 
in A-3. These findings were seen more clearly with the 3 dimensional 
reconstruction CT scan image (figure 1). 
 
Group B. The plain x-ray of rabbit tibiae B-1, B-2 and B-3 showed union. The 
extensive callus formation was seen over the both proximal and distal tibia-coral 
junction and covering the whole surface of coral. On the posterior surface of 
coral (without periosteum cover), the callus was more extensively formed and 
appeared more dense. On the anterior surface, there was minimal callus 
formed seen with less dense callus formed over the both tibia-coral junction. The 
B-3 showed partial collapsed and telescoped of the coral causing malunion. In 
spite of that, there’s significant amount of dense callus formed over the tibia-
coral junction. The B-4 x-ray showed union at distal tibia-coral junction but clear 
non union at proximal tibia-coral junction. The callus formed over the distal tibia 
coral junction was extensive and dense, and significant amount of callus formed 
over the proximal junction though it failed to unite. These findings were seen 
more clearly with the 3 dimensional CT scan images. The corals were still in place 
and the structure was still maintained in B-1 and B-2. However the coral partial 
collapsed with angulation was seen in B-3 and B-4. These findings were seen 
more clearly with the 3 dimensional reconstruction CT scan image (figure 2). 
Histological:  
Group A. Over the posterior surface of coral (without periosteum cover), there 
was extensive callus formed. The tissue reaction was more prominent with the 
presence of many inflammatory cells including the scavenging giant cells. Many 
small vessels appeared to grow into the coral. While on the anterior surface 
(with periosteum cover), the callus formation was less and concentrated only 
over the tibia-coral junction. There was less tissue reaction, evident by less 
number of inflammatory cells and no giant cell (figure 3). No small vessel was 
noted invading the coral at the anterior half of the coral. The periosteum 
survived and hypertrophied. At the both proximal and distal tibia-coral junction, 
there was evidence of osteoblast migrating into the coral end in A-1, A-2 and A-
3 (figure 4). However there’s no bone cells noted in A-4 over the tibia coral 
junction. In general, the coral was still preserved even though the coral 
disintegration has started to be seen more over the posterior surface. 
Group B. The specimens showed evidence of extensive coral disintegration on 
both anterior and posterior aspect. The callus formation was easily evident over 
the anterior surface and even more extensive formed over the posterior surface. 
The osteocystes appeared more cramped within comparatively small amount 
of matrix formed inside the initial coral space. The bony matrix was more 
prominent than coral (figure 5). There was also formation of minimal fat and 
marrow tissue in the middle of the previously located coral (figure 6). The giant 
cells which was visible in group A now became very less. These findings were 
consistent in rabbit B-1, B-2 and B-3; eventhough there’s different in the amount 
of coral remaining. There’s no coral noted remained in B-2 but there was more in 
rabbit B-1. In rabbit B-4, there was feature of non-union and formation of 
pseudoarthrosis with the evident of well organized cartilage tissue overlying the 
newly formed bone tissue. There was still present of large amount of coral and 
fibrous tissue formation periphery to the peudoarthrosis.  
 
 
 
 
 
 
  
 
 
 
 
 
 
Discussion: 
The ideal bone graft has posses 4 qualities: osteoconductive, osteoinductive, 
excellent structural integrity and presence of osteogenic cells that survive post 
transplant2. It is quite impossible to have all these qualities all together. Many 
studies have committed in designing composite graft as to maximize the 
component of qualities in the designed graft although the products are 
expensive and delicately processed16. The same idea to gather all these 
qualities has suggested to combine the coral and periosteum as a graft as an 
alternative to those complicated composite graft. The coral would supply the 
osteoconduction17 and structural integrity while the periosteum would supply the 
cambium cells14. This composite graft is simple, cheap and has not been studied 
together. The easily available dead coral would make it possible to be used 
widely in orthopaedic practice. 
The experiment was designed to evaluate the use of coral wrapped with 
free autologous non vascularized periosteum as filler in large bony defect. The 
interest originated from the difficulty in managing large diaphyseal bony defect 
as frequently faced by orthopaedic18. It was conducted on rabbit because of 
short duration of fracture healing in rabbit model. A total of 12 rabbits were 
used. Only male rabbits were chosen so as to standardize the gender and to 
avoid the presence of hormonal fluctuation in female rabbit which might give 
some influence on the bone healing.  
The assessment of the rabbit tibiae was decided at the end of 8th and 12th 
week. It was based on the initial single trial of 6 week rabbit radiograph which 
showed no evidence of union took place. The subsequent radiograph at 8th 
week showed promising union evidence. Thus we decided that the 12 week 
group would be timely adequate in giving the information of the bone-coral 
remodeling process. The duration for tibia healing in large defect of 2cm was 
also studied by Taguchi, Y. and the union was evident at 8th week19. The initial 
trial of assessment at the end of 6th week was decided earlier due to the fact 
that the rabbit bone healed within 2 to 6 weeks as described in previous study20. 
 In the study, the union of the tibia-coral junctions were only evident at 8th 
week in 3 out of 5 rabbits. The remaining tibiae of the 8th week rabbit did not 
show union and instead showed disintegration and collapse of the coral. While 
at 12th week, 3 out of 4 rabbits tibiae showed union including 1 malunion. The 
malunion was associated with the collapse of the coral while those that united 
showed the coral structural integrity remained. The union is evident clinically and 
radiologically. In those tibiae with good union, there was evident of lots of callus 
formation on the posterior surface (without non vascularized periosteum cover); 
and the coral still able to maintain its integrity from being collapsed. While the 
malunion tibia showed the presence of callus formation on the both side 
posterior and anterior aspect of coral with the collapse of the coral. The 
presence of callus formation on both sides of cortex is important as to ensure 
union. The larger the callus formed is better for the transient mechanical stability 
prior to gradual callus mineralization21. However in this study, the presence of 
callus formation on both sides of cortex is not a favourable finding as the 
process occur simultaneously with the in growth of vessels into the coral and 
promotes early disintegration of coral and later collapse prior to adequate new 
bone formation. The finding in the study by Zhang, X., showed the key features 
of in the BMP-2/stromal cell-treated allografts, including the formation of a 
mineralized bone callus completely bridging the segmental defects, abundant 
neovascularization, and extensive resorption of bone graft22. The non union at 
12th week was evident by total collapsed of coral with numerous remaining 
coral substances with enormous inflammatory reaction. This might also suggest 
that the periosteum which covered the anterior aspect of the coral had failed 
to survive and protect the integrity of the coral from the invasion of new 
vascular buds on both sides with the consequence of collapse of coral and 
malunion. There was numerous callus formed over the posterior surface of the 
coral (without periosteum cover). More tissue reaction and many small vessels 
formed and grow into the posterior surface of coral. The presence of survived 
and thickened hyperthropied non vascularized periosteum on the anterior 
surface plays significant role in preventing invasion of new vessels into the 
anterior surface which in turn prevent significant inflammatory reaction and 
subsequent early collapsed of the coral. There’s no evident to support that the 
survived periosteum was involved directly with its own osteogenesis. The callus 
formation was mainly from the host tibia. This was supported by Askar I, who did 
not believe that the periosteum is able to survive as a graft, and found that 
neovascularization occurred too slowly to preserve the bone forming qualities of 
the periosteum23. 
 The final result of union, malunion and non union is dependant on the 
balance of new bone formation and the coral disintegration. In those well 
united rabbit tibiae, the histology showed the process of remodeling take place 
as evident by the presence of fatty marrow cells. The amount of coral remained 
also differs from one rabbit to another but it fit with the clinical and radiological 
finding of each. In those rabbits that united well, the amount of coral was 
minimal while the rabbit that did not unite show numerous of coral substance. In 
rabbit B-4 particularly, the coral substance was extensive and histologically it 
also showed the pseudoarthrosis formation. The probable imbalance of coral 
disintegration and a new bone formation cause pseudoarthrosis in B-4 
 The rate of coral disintegration in human is unknown24. The size of pores in 
the coral plays a significant factor in determining the rate of disintegration. 
Studies has shown that the pore size is adequate for bone ingrowth, vascular 
invasion and bone development17. In this study, the rate of coral disintegration 
was impossible to be determined as the heterogenous pore sizes of natural coral 
allow different rate of vascular invasion thus different rate of disintegration. The 
presence of the coral within the area of supposed new bone formation after a 
specific period of time will interfere with the bone union. It might act as the 
unwelcoming foreign body that will disturb the union process. This was 
supported by the study by Cheng, C.L., who was using cement in 
aumentatation of the fracture fixation, they still consider cement as a foreign 
body in which one of the listed complication following the procedure was non 
union25. In fact the remaining coral stimulate inflammatory reaction that will 
interfere the subsequent phase of osteogenesis. A study by Issahakian S. showed 
bone tissue is formed at different stage around the coral particles at 8th and 18th 
month following the study26. Thus the small amount of coral particle left in our 
study is comparatively better if taking into account that the large coral was 
used (2.5cm length) and shorter duration of observation (12 week). 
 The periosteum which was harvested from the contralateral tibia was 
standardized in size: 2.5x1.5cm. The size was designed to adequately cover only 
the anterior half of the coral surface due to the difficulty to obtain an adequate 
size for the circumferential cover. This design was planned to create the in vivo 
control for each rabbit. However, the limitation to this study was no reference 
that could be made to compare the result to the coral with full circumferential 
periosteum cover.  
 The other factor that might influent the study result was the stability and 
effectiveness of the intramedullary fixation. This method of fixation has been 
used widely in the other animal study27. The Kirchner-wire diameter of 2.0mm 
was chosen as to achieve the best tight fitting in the 2.0mm tunnel. This would 
minimize the risk of rotatory deforming force. However in this study, the 
augmentation of fixation with full length cast is used until to the time for 
euthanasia. The study by Mohanti, R.C., showed the pattern of vascular 
response following the fracture influenced by the mobilization about the 
fracture site contribute to the non union28. After fracture the vascular response in 
limbs increased gradually from the third day, reached a peak by the end of the 
second week and thereafter declined gradually in contrast to non-immobilized 
group, dilatation of the main artery was followed by proliferation of the small 
and medium-sized vessels and capillaries which persisted until the tenth week. 
The POP cast was applied to immobilize both knee and ankle. The joints were 
kept in full flexion as to allow the rabbit to consume its usual posture for mobility 
and food intake. The effect of less mobilization and loading over the right tibia is 
not studied even though it may play the role in stimulating the process of new 
bone formation. The study on the mechanical stability on the fracture healing 
supported the idea of perfusion as the main factor to determine the union, but 
the immobilization of the fracture is important as to allow increasing stiffness of 
the callus ossification21. The decision to remove the Kirchner-wire at 8th week was 
based on the expected period of union as seen in the initial trial. The process of 
coral degradation was essential in achieving the union but the soft immature 
callus need to be protected from collapse. This could be done if we keep the 
Kirchner-wire longer. The study by Hagino, T., did remove the implant at 8th week 
although the expected time of union was far beyond that duration29. Bax, B.E. 
argued that the mobility about the fracture would allow more rapid callus 
formation with help of BMP as compared to more stable fixation20. In this study, 
however, the stability would have enhanced the healing due to the nature of 
larger bony gap was created. 
 
 
 
 
 
  
 
 
 
 
 
 
Conclusion:  
This study has shown that the coral can be used as a graft to a large cortical 
bone defect. The presence of non vascularized periosteum graft covering the 
coral plays role in protecting the underlying coral from early disintegration. The 
coral provides an excellent scaffold for osteoconduction. The different rate of 
coral disintegration has to be further researched in order to reach the balance 
of osteogenesis and coral disintegration.  
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Figure list: 
 
Figure 1: The radiological finding at the end of 8th week; the plain radiograph 
and 3 dimensional reconstruction CT scan image of every rabbit from group A. 
Figure 2: The radiological finding at the end of 12th week; the plain radiograph 
and 3 dimensional reconstruction CT scan image of every rabbit from group B. 
Figure 3: The histology of the tibia-coral junction of rabbit group A at the end of 
8th week. The difference of the coral disintegration, inflammatory reaction and 
callus formation can be clearly seen. 
Figure 4: The higher magnification view of the tibia coral junction in group A; 
evidence of osteoblast migrating into the coral substance and the replacement 
of coral scaffold into bony matrix. 
Figure 5: At the end of 12th week; group B specimen shows more organized bony 
matrix with minimal remaining coral and inflammatory cells in B1, B2 and B3. 
Figure 6: The presence of marrow fat cells in the specimen indicates the 
completion of the remodeling process in group B specimen.  
 
 
 






